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(54) Variable stator vane (VSV) closed 
loop control system of a compressor 

(57) The control system 28 includes 
biasing means 34 for effecting and 



maintaining an additional magnitude of 
positioning of the vanes 18, for exam- 
ple, about 2° to about 4° of additional 
closure, from a position as determined 
by demand indication A, such as VSV 
position from a VSV schedule (Figure 2) 
included in VSV control means 30. 

The control system further includes 
feedback means 36 supplying a signal E 
representing the actual position of the 
vanes, a comparator 38 for supplying 
an error signal F in response to the 
feedback and demand signals and any 
bias signal and a servomotor means 40 
for positioning the vanes in response to 
the error signal. In one embodiment, 
the biasing means are effective only 
after an aircraft takeoff mode of opera- 
tion and while an engine operating 
parameter, for example, corrected en- 
gine speed, is within a predetermined 
range. 
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SPECIFICATION 

Variable stator vane control system 

5 Background of the invention 

This invention relates generally to a control system for a gas turbine aircraft engine and more specifically 
to.^ control system for positioning the variable ang le stator vanes of a compressor section thereof Y 

- CiS^T V °!? H tUfbine e " 9jnes are designed t0 °P erate during many modes of operation such as 
■takeoff cl.mb, cruise, and descent. Each of these modes of operation requires a different thrust output of the 
10 gas turbme engme and results in various engine operating conditions. Accordingly, the gSne en £ 
designed for providing the appropriate thrust required for each of the aircraft modes of IZ^t^S^ 
to providing efficient engine performance therefor. operation in addition 

nrnL?H P Th nately COntrol,in9 the °P eration of the 9 as ""bine engine an engine control system is typically 
provided. The engine control system can include one or more predetermined schedules which take into 
15 account and balance many competing engine operating conditions for controlling engine performance in 
view ofthe ant.cipated modes of operation of the aircraft being powered by such an engine 

For example, a common goal in the design of a high performance gas turbine aircraft engine is to provide 
for ■ncreased performance of an axial flow compressor therein. One method of achieving this end Ito 

ph^» ™r P r S ° r WitH Variab ! e a " 9le Stat0r Vanes ' dr sim P'V variab| e stator vanes (VSVs). During 
20 engine operation, the engme control system controls the angular orientation, or pitch, ofthe VSVs in 

sXoHevT 3 Predetermined ' ° rfiXed VSV P° sition scbad ^ »"d in response to an ahcraf f thrust 

nnll!^ P °r Siti0 t n SCh r d u U ' e Pr0VideS the e " 9ine Contro ' system with 9 si 9 nal representing a desired VSV 
position as a function of thrust demand as represented by an engine operating parameter, such as corrected 
25 engine speed. For each value of corrected engine speed, the VSV position schedule provides a 
corresponding VSV position signal to the control system for positioning the VSVs 
It is generally desirable to control the pitch ofthe VSVs during periods of engine acceleration and 

Incr^W 9 '" 6 I"* ° UtPUt t0 r6dUCe anV P0SSibi,ity ° f COm ^ ess - *>»'■ ^e norm afrr nner 
mcreasmg engine thrust output isto increase the amount of fuel delivered to a combustion system of the oas 
30 tuAme eng.ne. The h.gh fuel flowrequired therefor results in an increase in combustion burner pressure 
This, mturn, decreases the airflow at the rear ofthe compressor and can result in coJSiKSbv 
a.rflowoverthe VSVs becomes turbulent resulting in reduced airflow, a rBducfltfn taSSS ^£25. 
^ssm performance Accordingly, the VSV position schedule is predetermined for "nZZn g ZZ™ S0 ? 
performance and reducing the likelihood of compressor stall. 9 compressor 

35 le™rVoXr a ^ 

ever position and the engme operat.ng conditions in accordance with the predetermined schedules 

moriS ^ Pr ^ detern f ed schedulas a >-e used, these control systems do not directly respond to the aircraft 
perform^ 

r m r g ?nS 

a, a ftJl ™^ -d °- n SChedU ' e iS tyPiCa " y baS6d °" empiHcal data obtained from testin 9 ™"y engines under 
45 SSLS^hK ° P T? Tf l0nS thr0U9h the Var, '° US antidpated aircraft ™ des o/operation from 
comore s rn^ 9 ' „ ^ determined VSV position schedule is chosen to provide for increased 

S£a^^X? h Pr0portional typica,ly 10 corrected en 9 ina «Peed. However, inasmuch as the 
n?aZth 1 h 1 ft ^° deS ° f °P erat,on rec l u,re dif ferent performance of the compressor and 
en speed the VSV no^f f haV6 ovsri ^9 regions with respect to corrected engine 

^SrXtl 9enera w V rePr6SentS 3 compromise schedule - The compromise schedule 

ZsTa craft m^ 
nons ot aircraft modes of operation and corrected engine speeds 

an? r a^Zlai; , ^^ 0 "r nera J' V ^V ireS ^ 9TeateSt P erformance of the compressor and engine 
55 takeoff P ° ^ SChedU ' e is Ch ° S8n t0 reduCe the '^elihood of compressor stall during 

climb W mode In^l^™* sta " is ™ st ,ikel V *• occur, if at all. during the aircraft 55 

Emuch as Te V?V th a P prox ' mate| y 5,000 and 1 5,000 feet of altitude above a takeoff, ground surface, 
ik ihoo o talMurmn th '^f' u W ° U ' d be deS, ' rab,e t0 haVe "dependent means for reducing the 
fi n mean ^I. JL S J ? < ^ m ° de by introducin 9 basing to the VSV portion schedule. Such 

Sfo%^r7£« Te ^' t re ^ d , t0 airCraft m ° deS ° f ° Perati ° n ' SUCh aS for exam P' e ' airc raft 60 
and notoccZu ri q hetakeot^ ^ * B intr ° duCt ' dn of biasin 9 occur «" a t least the aircraft c.imb mode 
not occur during the takeoff mode during which the introduction of any biasing could result in decreased 
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Summary of the invention 

Accordingly, it is one object of the present invention to provide a new and improved variable angle stator 
vane control system for a gas turbine aircraft engine. 

Another object of the present invention is to provide a new and improved method for controlling a gas 
5 turbine aircraft engine. 

Another object of the present invention is to provide a control system including biasing means for 
introducing biasing to a predetermined VSV schedule for reducing the likelihood of compressor stall. 

Another object of the present invention is to provide a control system in which biasing is introducible in 
response to aircraft modes of operation. 
10 Another object of the present invention is to provide a control system in which biasing is introducible 
selectively and independently of any preexisting control system schedules. 

Another object of the present invention is to provide a control system in which the variable angle stator 
vanes are biasable in a more closed position for increasing engine performance. 

Another object of the present invention is to provide a control system wherein any failure in the biasing 
15 means does not affect any preexisting control system schedules. 

Briefly stated, the invention comprises a method and apparatus including a closed-loop control system for 
positioning variable angle stator vanes in a gas turbine engine effective for powering an aircraft. The control 
system includes biasing means for effecting and maintaining an additional magnitude of positioning of the 
vtines from a position as determined by a schedule. In one embodiment, the biasing means are effective only 
20 after an aircraft takeoff mode of operation and while an engine operating parameter is within a 
predetermined range. 

Description of the drawing 

The invention together with further objects and advantages thereof, is more particularly described in the 
25 following detailed description taken in conjunction with the accompanying drawing, in which: 

Figure 7 is a view partly in section and partly in schematic illustrating a control system for positioning the 
variable angle stator vanes of an aircraft mounted gas turbine engine in accordance with the present 
invention. 

Figure 2 is a graphical illustration of a variable angle stator vane position schedule for use in the control 
30 system of Figure 1. 

Figure 3 is a schematic and sectional diagram illustrating one embodiment of the control system of Figure 
1 in the form of a substantially mechanical closed-loop control system. 

Figure 4 is a sectional view illustrating one embodiment of means for introducing biasing into the control 
system of Figure 3. 

35 

Detailed description 

Shown in Figure 1 is an exemplary gas turbine engine 1 0 suitably mounted to a wing 12 of an aircraft. The 
engine 10 includes a compressor 14 at a forward end thereof which hasja plurality of stages including a 
plurality of variable angle stator vane rows 16. 

40 Each of the vane rows 16 includes a plurality of radially extending and circumferentially spaced VSVs 18. 
Each VSV 18 is suitably mounted in the compressor 14 and includes a radially outermost portion which 
extends through a stator casing 20 and has a positioning lever 22 attached thereto/The positioning lever 22 
is pivotably connected at one end to an annular synchronizing and positioning member 24 which is suitably 
pivotably connected to an intermediate section of a VSV lever 26. 

45 The VSV lever 26 further includes a proximal end 26a, pivotably connected to a fixed structure in the 

engine 10, and a distal end 26b, the movement of which is effective for rotating, in turn, positioning member 
24, positioning levers 22, and the VSVs 18. - 

Also illustrated in Figure 1 is a closed-loop engine control system 28 for controlling and effecting the 
positioning of the VSVs 18 in accordance with one form of the present invention. The control system 28 

50 includes a VSV control means 30 which is effective for suppyling a demand indication A. The indication A is 
proportional to the magnitude of an engine operating parameter, or indication B obtained from a . main 
engine control 32 not part of the present invention. 

The main engine control 32 controls many functions of the gas turbine engine 10 and it is sufficient for the 
purpose of the present invention that when a thrust selector lever in the aircraft is positioned, the main 

55 engine control 32 provides a magnitude of the desired engine operating parameter B in accordance with a 
desired engine performance required for any aircraft mode of operation. An example of a typical engine 
control system including a VSV control means is disclosed in U. S. Patent 2,931,1 68-Alexander etal, 
incorporated herein by reference. 
The VSV control means 30 includes a VSV position schedule such as is shown in Figure 2. For a given 

60 engine indication B such as, for example, corrected engine core speed, a value of a de mand indic ation A, 
such as VSV position, is generated. The corrected engine core speed is defined as N 2 /VCIT/51 9°R; where N 2 
is physical engine core speed and CITis compressor inlet temp which equals ambient temperature plus fan 
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longitudinal axis. The VSV position can range in value, for example, from approximately -5° at engine 
maximum speed to approximately 40° at engine idle speed. The -5° pitch, or relatively open position, 
hereinafter referred to as open, indicates that the VSVs 1 8 are oriented for allowing increased flow of air 
thereover. The 40° pitch, or relatively closed position, hereinafter referred to as closed, indicates that the 
5 VSVs 18 are positioned for allowing a decreased flow of air thereover. It will be observed in Figure 2 that the t 
scheduled value of the VSV position is proportional to the corrected engine speed and varies from a closed 
position at idle to an open position at maximum engine speed. 

Two regions of possible compressor stall have been determined and are indicated in Figure 2; a first stall 
region occuring at an intermediate engine speed with the VSVs 18 near the closed position; and a second 
10 stall region occuring at high engine speeds when the VSVs 18 are positioned near the open position. The -jrj 
region between the curve of VSV position scheduled value and the stall regions is referred to as a stall 
protection margin. 

The VSV scheduled value is predetermined on the basis of considerations such as the engine operating 
parameters as above described, as well as others. The schedule of VSV position can also take into account 
1 5 those factors for obtaining good engine specific fuel consumption and providing a stator vane stall 15 
protection margin for reducing the possibility of undesirable compressor stall. 

According to the present invention, it has been determined that a significant increase in stall protection 
margin and improved specific fuel consumption of the engine can be realized by introducing a VSV position 
bias value in addition to the scheduled value ov VSV position as shown in Figure 2. More specifically, by 
20 biasing the VSVs 1 8 in a more closed position, for example during aircraft climb, improved compressor and 20 
engine performance is realizable. 

In one form of the invention, the bias value (shown as a dashed line in Figure 2) is introducible when the 
corrected engine speed is within a predetermined range between an intermediate value and a maximum 
value corresponding with the second stall region. However, inasmuch ias the corrected engine speed 
25 typically includes overlapping regions of climb, cruise and takeoff as shown in Figure 2, an additional 25 
consideration is required which will prevent the introduction of any biasing during aircraft takeoff, while 
allowing biasing over the entire predetermined engine speed range only after the aircraft has passed 
through the takeoff mode of operation. This is desirable inasmuch as the aircraft takeoff mode requires 
takeoff performance characteristics of the engine which characteristics have been included in the original 
30 VSV schedule and which could adversely be affected by the introduction of VSV position biasing during the 30 
takeoff mode. 

However, once the aircraft has passed through the takeoff mode and when the engine speed is within the 
predetermined range, the introduction of VSV position biasing results in improved engine performance. 
Accordingly, biasing means 34, as shown in Figure 1, are provided for supplying a bias indication C having a 
35 value corresponding to an additional closure of the VSVs of approximately 2° to approximately 4° as shown 35 
in Figure 2. 

In one embodiment, the bias indication Cis effective for additionally closing the VSVs 18 only after the 
aircraft takeoff mode and while the corrected engine speed is within the predetermined range. In this 
connection, one input to the biasing means 34 is the engine indication Band another input thereto is an 
40 indication D responsive to the aircraft modes of operation. 40 
The control system 28 further includes feedback means 36 for supplying a feedback indication E 
representing actual position of the VSVs 18. Comparing means 38 are also provided for supplying an error 
indication F in response to the demand indication A, bias indication C and feedback indication E. For 
example, the indication F is equal to the sum of the indications A and C minus the indication E. Servomotor 
45 means 40, having a movable output member 42 suitably connected to the distal end 26b of the VSV lever 26 45 
is provided for positioning the VSVs 18 in response to the error indication F. 

The details of operation of closed-loop, negative feedback control systems are well known to those skilled 
in the art and a further description thereof is therefore deemed not necessary for the understanding of the 
present invention. In the present invention, biasing means 34 are provided in combination with the 
50 closed-loop control system 28 for obtaining an improved engine control system for positioning the VSVs 1 8. 50 
The closed-loop control system 28 as illustrated in Figure 1 can comprise, for example, an electrical, 
hydraulic, electromechanical or a substantially mechanical system. Furthermore, the indications A through F 
can be signals which may, for example, be electrical, hydraulic, mechanical or any combinations thereof. 
Illustrated in Figure 3 is a substantially mechanical, closed-loop control system according to one form of the 
55 present invention. 55 
Referring to Figure 3, the main engine control 32 (partially shown) is suitably connected to the VSV control 
means 30. The VSV control means 30 comprises a longitudinally translatable cam having a cam profile44 
which is effective for providing the demand indication A in accordance with the VSV scheduled value as 
shown in Figure 2, and in response to the engine indication B. More specifically, the demand indication A is 
60 determined by the position of a cam follower 46 against the cam profile 44. 60 
The cam follower 46 is part of the comparing means 38 and can comprise an elongate member which has a 
first end for following the cam profile 44 and a second end which which is slidably mounted, for example in 
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40. The control member 50 is oriented preferably perpendicularly to the cross member 48. 

The error indication F is determined by the position of the first end 48a of the cross member 48 and is 
generated by the combined rotation of the cross member 48 and translation of the following 46 attached 
thereto. A second end of the control memberBO is supported in the servomotor 40 against a return spring 52. 
5 The spring 52 is effective for supplying a force againstthe control member 50 to allow and to aid the control 5 
member 50 to be positioned between its limits of travel. 

One example of a suitable servomotor 40 is shown in Figure 3 in which the second end of the control 
member 50 includes suitable valve portions 54, four for example, which control the passage of a suitably 
supplied high pressure fluid into the servomotor 40. The high pressure fluid is effective for moving the 
10 output member 42 of the servomotor 40 in either of two opposite directions and supplying sufficient force to 10 
actuate the VSV lever 26 for positioning the VSVs 18 in response to the VSV control means 30. 

Other embodiments of suitable servomotors 40 known in the art which include an input control member 
50, an output member 42 and a return spring 52 can be used. 
Suitably connected adjacent to the distal end 26b of the VSV lever 26 and extending in a direction 
15 substantially parallel to the output member 42 is a first end 56a of a first feedback linkage 56. A second, 15 
opposite end 56b of the first feedback linkage 56 is suitably connected to a first end 58a of an elongate 
feedback lever 58 piyotably mounted at an intermediate section thereof to a translatable fulcrum member 60. 

Suitably connected to a second, opposite end 58b of the feedback lever 58 is a first end 62a of a second 
feedback linkage 62. A second, opposite end 62b of the second feedback linkage 62 is suitably attached to a 
20 second, opposite end 48b of the cross member 48. The feedback linkages 56 and 62 can comprise any 20 
suitable rod, cable and housing, or other structures which are capable of transmitting tensile and 
compression forces therethrough for rotating the feedback lever 58 and the cross member 48. 

The first feedback linkage 56, feedback lever 58, fulcrum member 60 and second feedback linkage 62 
comprise the feedback means 36 as shown in Figure 1 . The rotation of the VSV lever 26 causes, in turn, the 
25 translation of the first feedback linkage 56, the rotation of the feedback lever 58 about the fulcrum 60 and the 25 
translation of the second end 62b of the second feedback linkage 62. The translation of the second feedback 
linkage 62 represents the feedback indication E as shown in Figure 1 . 

In operation, the main engine control 32 causes the cam profile 44 to predeterminedly translate 
longitudinally. The follower 46, in turn, translates transversely in response to the location of the cam profile 
30 44. Inasmuch as the second end 48b of the cross member 48 is effectively restrained by the feedback means 30 
36, due to the relatively large forces required to rotate the VSV lever 26, the translation of the follower 
member 46 causes the cross member 48 attached thereto to rotate about the second end 48b thereof. The 
cross member 48 thus rotates in a first direction and causes the control member 50 of the servomotor 40 to 
translate and thus opens appropriate passages therein for supplying high pressure fluid to the servomotor 
35 40 for moving the output member 42. 35 
The movement of the output member 42 causes the VSV lever 26 to rotate about its proximal end 26a and 
in turn causes the rotation of the synchronizing member 24, levers 22 and accordingly the VSVs 18. The 
rotation of the VSV lever 26 also causes the rotation of the cross member 48 of the comparing means 38 in a 
second direction, opposite to the first direction, thus completing the closed-loop feedback path of the control 
40 system 28. 40 
The above description represents the basic closed-loop control system for actuating the VSVs 18. The 
introduction of a bias indication C (Figure 1) in accordance with the present invention can be accomplished 
by various means. A preferred means for introducing a bias indication C into the control system 28 
comprises longitudinally translating the fulcrum member 60 attached to the feedback lever 58. 
45 More specifically, as shown by the double headed arrow in Figure 3, the longitudinal translation of the 45 
fulcrum 60 in a direction generally parallel to the first and second feedback linkages 56 and 62, respectively, 
causes an additional rotation of the cross member 48 of the comparing means 38 and thus a bias indication 
C. The particular arrangement and structure of elements in the feedback means 36 is selected such that less 
force is required to rotate cross member 48 than to rotate VSV lever 26. Accordingly, when the fulcrum 
50 member 60 is caused to translate longitudinally, the first end 58a of the feedback lever 58 attached to the first 50 
feedback linkage 56remains substantially at one position in space. The second end 58b of the feedback lever 
58 will rotate about the first end 58a thereof in response to the translation of fulcrum 60 and cause the 
second feedback linkage 62 to rotate the cross member 48. 
To control the position of the fulcrum member 60, the biasing means 34 can comprise an actuator 64 
55 suitably connected to the fulcrum 60. The actuator 64, when supplied with suitable power from a power 55 
source 66 upon the activation of a switch 68 suitably connected thereto, can move the fulcrum member 60 to 
a predetermined position. 

The biasing means 34 can comprise many embodiments. Illustrated in Figure 4 is a preferred embodiment 
for use in the control system illustrated in Figure 3. More specifically, the fulcrum member 60 attached to the 
60 feedback lever 58, is mounted to an output means 65 of the actuator 64 such that the fulcrum member 60 can 60 
be translated in a longitudinal direction. 

The output means 65 includes an elongate reset lever 70 pivotably mounted at an intermediate section to a 

hoi icmn £Q rxi tKo hiocinn moanc "3/1 The rocnt lo\;or "7D ie r\ rlonloH nroforphlw nnrnonrlin i larhr tn the* it llr-ri i m 
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compression spring 74, against an adjustable first stop 72 suitably attached to the housing 69. 

The spring 74 is disposed between the housing 69 and a second, opposite side of the second end 70b of 
the reset lever 70. Facing the second side of the reset lever 70 and disposed oppositely to the first stop 72 is a 
second adjustable stop 76 predeterminedly spaced therefrom. 
5 It will be apparent that/ in operation, when the second end 70b of the reset lever 70 is displaced from the 5 
first stop 72 further against the compression spring 74 and towards the second stop 76, the reset lever 70 is 
rotated about the intermediate section thereof and thus causes the first end 70a of the reset lever 70 to 
translate the fulcrum 60 longitudinally downwardly as can be appreciated in Figure 4. 
The first and second stops 72 and 76 are adjustable such that when the reset lever 70 is in a first, initial 
10 position urged against the first stop 72 (as shown) no biasing is introduced into the control system. When the 10 
reset lever is in a second position urged against the second stop 76, a predetermined, adjustable maximum 
amount of biasing is introduced into the control system. 

Referring to Figure 4, the actuator 64 can comprise a fluidic timer 78 including a cylindrical housing 80 
having a timing chamber 82 at one end thereof bounded on one side by a piston or diaphragm 84. The piston 
15 84 includes an integral output member or rod 86 extending outwardly from and through the housing 80. The 15 
output rod 86 includes a distal end 86a spaced from and oriented perpendicularly to the first side of the 
second end 70b of the reset lever 70 and disposed oppositely to the compression spring 74. A return spring 
88 is disposed coaxially about the output rod 86 and against a bottom surface of the housing 80 and an inner 
surface of the piston 84. The return spring 88 is effective for returning the rod 86 and the piston 84 to a first, 
20 initial position as shown. It is to be appreciated that both the reset lever 70 and the rod 86 comprise one ' 20 
embodiment of the output means 65 of the actuator 64 for translating the fulcrum 60. Other suitable 
embodiments can also be used. 

The fluidic timer 78 also includes a vent 92 connected to a low pressure return P L for venting any fluid in 
the housing 80 and on the backside of the piston 84. 
25 High pressure fluid P H is suitably provided to the timing chamber 82 through a first orifice 90. The fluid P H 25 
is supplied from the power source 66 (as shown in Figure 3) which, can comprise, for example, high pressure 
compressor interstage air or pressurized fuel. 

The timing chamber 82 is connected to the switch 68 (Figure 3) which, in a first state, is effective for 
allowing the fluid P H to flow into the fluidic timer 78 for extending the rod 86 thereof for moving the fulcrum 
30 60 to the predetermined position. The switch 68, in a second state, is effective for venting the fluid P H in the 30 
fluidic timer 78 and allowing the return spring 88 to return the rod 86 to the initial position for removing the 
bias indication C. 

In a preferred embodiment the switch 68 comprises a first valve 94 and a second valve 98. The first valve 
94 is connected to the timing chamber 82 by a fluidic conduit 96. The first valve 94 is connected also to P L by 

35 a fluidic conduit 102 having a second orifice 104 disposed therein. Connected to an intermediate section of 35 
the fluidic duct 96 is the second valve 98. The second valve 98 can comprise an electrically operated solenoid 
valve. In the second state, the first valve 94 and the second valve 98 are in a normally open position for 
venting any fluid flow in the fluidic conduit 96 to P L . 
The first valve 94 includes an actuating lever 1 00 suitably connected to the first end 58a of the feedback 

40 Iever58bya rod 101. Thus, the first valve 94 is coupled by the rod 101 and is responsive to the corrected 40 
engine speed as indicated by the position of the feedback lever 58. The lever 100 has a predetermined travel 
such that it closes the first valve 94 after a predetermined rotation of the feedback lever 58 and thus during 
the predetermined range of corrected engine speed. This is so inasmuch as corrected engine speed is 
proportional to VSV position, as can be appreciated from Figure 2. Accordingly, the first valve 94 is simply an 

45 on-off valve or switch which is effective for allowing the biasing means 34 to actuate only during the 45 
predetermined range of corrected engine speed. 

The second, solenoid valve 98 is connected by a first electrical lead 106 to a suitable electrical ground and 
by a second electrical lead 108 to an electrical switch 1 10 which is connected to a voltage source. The closing 
of the switch 1 10 provides the indication D to the biasing means 34 as shown in Figures 1 and 3. When 

50 closed, the electrical switch 1 1 0 causes the normally open second valve 98 to close, i.e. to assume the first 50 
state, thereby preventing any fluid in the fluidic conduit 96 from venting through the second valve 98. 

The first valve 94 and the second valve 98 comprise an embodiment of the switch 68 which requires both 
valves to be actuated to respective first states before the biasing means 34 is actuated. Of course, the valves 
could be used singly, however, if desired. 

55 Furthermore, it is to be appreciated that the biasing means 34 is actuatable independently and selectively 55 
of the basic control system 28 and the VSV position schedule, as shown in Figure 2. This is due to the use of a 
switch 68 which can be actuated, for example, directly by the pilot of the aircraft, by an altmeter, or in 
response to engine speed or combinations thereof. 
During engine operation, high pressure fluid P H is provided through the first orifice 90 to the timing 

60 chamber 82. Inasmuch as the first valve 94 and the second valve 98 are in a normally open position, the high 60 
pressure fluid P H in the timing chamber 82 is vented through both halves and accordingly the output rod 86 
of the fluidic timer 78 remains in the initial position. Inasmuch as the timer 78 is normally in an unactivated 
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When the engine 10 is accelerated during aircraft takeoff, the VSVs 18 are caused to to be rotated by the 
mam engine control 32 from a closed position to an open position. Accordingly, the first feedback linkage 56 
is translated vertically by the VSV lever 26 as shown in Figures 3 and 4 and, in turn, causes the actuating lever 
100 to close the first valve 94 thereby preventing venting therethrough. 
5 However, although the first valve 94 is closed during aircraft takeoff, the second valve 98 remains open 5 
and thus vents any high pressure fluid P H found in the conduit 96, thereby preventing actuation of the fluidic 
timer 78 of the biasing means 34. 

Once the aircraft is in the climb or cruise mode, the electric switch 1 10 can be closed, for example in 
response to raising of the landing gear and retraction of the wing slats of the aircraft or, if desired, manually ' 
10 by a pilot of the aircraft or in response to an altimeter. At this time, with both the first valve 94 and the second 10 
valve 98 closed, no venting of the high pressure fluid P H can occur. Accordingly, high pressure fluid P H can 
accumulate in the timing chamber 82 of the fluidic timer 78 and cause the piston 84 and the output rod 86 to 
translate and thus actuate reset lever 70 as above described. 
The fluidic timer 78 is a device well known in the art and it can be suitably designed such that the output 
15 rod 86 travels from the initial, unextended position to a fully extended position in the course of seconds to 1 5 
hours. For example, the first orifice 90 and the elements of the fluidic timer 78 an be selected such that, in 
combination with a predetermined high pressure fluid P H , full travel of the output rod 86 occurs in 
.approximately 5 to 6 minutes after the first valve 94 and second valve 98 are closed to coincide with an 
'expected aircraft altitude of approximately 8500 feet In this manner, no biasing is introduced durinq aircraft 
20 takeoff. 

Alternatively, the timer 78 can be designed for a full travel in approximately 1 2 seconds, for example, in the 
event the biasing means 34 is to be actuated almost immediately in response to a demand and after the 
closing of the valves 94 and 98. 

In a preferred embodiment, a bias indication C representing approximately 4° of additional VSV closure is 
25 provided by the biasing means 34 until such time as the electrical switch 1 10 is opened, thus opening the 25 
second valve 98 and venting the high pressure fluid P H from the timing chamber 82. This allows the return 
spring 88 to return the rod 86 to an initial position, and thereby remove any VSV bias indication C from the 
control system 28. 

The fluidic timer 78 may be deactivated, alternatively, by the opening of the first valve 94. During descent 
30 of the aircraft, the engine is returned to substantially an idle condition in which the VSVs 18 are returned to a 30 
substantially closed position by the main engine control 32. In turn, the first feedback linkage 56 is caused to 
return to a substantially initial position thus moving the lever 100 and opening the first valve 94 to allowthe 
venting of any high pressure fluid P H in the fluid conduit 96. The second orifice 104 is predeterminedly sized 
greater than the first orifice 90 to control the rate at which the high pressure fluid P H is vented and, thereby 
35 controls the rate at which the fluidic timer 78 is deactivated and any biasing is removed from the control ' 35 
system. 

The first valve 94, the second valve 98 and the fluidic timer 78 comprise one means by which biasing can 
be introducible selectively and independently of any preexisting control system schedules and more directly 
in response to aircraft modes of operation. More specifically, the first valve 94 assures that biasing can be 

40 introducible only during a predetermined range of corrected engine speed as represented by the position of 40 
the feedback lever 58. The second valve 98 is controlled by the switch 1 1 0 which is only actuatable after 
aircraft takeoff and which can be used to disable the actuator 64, if desired. 

While there has been described herein what is considered to be a preferred embodiment of the invention 
other modifications will occur to those skilled in the art from the teachings herein. 

45 For example, the fulcrum 60 can be translated by various alternative structures. An actuator 64 comprising 45 
an electric motor controllable in response to an electrical switch 68 can be used. A bias indication C can be 
introduced into the control system 28 by varying the lengths of the first and second feedback linkages 56 and 
62 of the feedback means 36. 
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1 . For an engine control system for positioning a plurality of variable angle stator vanes of a compressor 
in a gas turbine engine between a relatively open and a relatively closed position in accordance with a VSV 
schedule and in response to a variable engine operating parameter, said engine being effective for powering 

55 an aircraft in takeoff, climb and cruise modes of operation, said engine control system comprising: 55 
biasing means for effecting and maintaining an additional magnitude of positioning of said vanes over a 
position as determined by said VSV schedule and being effective only after said takeoff mode and while the 
magnitude of said engine operating parameter is within a predetermined range. 

2. The biasing means according to claim 1 wherein said biasing means are effective for introducing a 

60 Predetermined additional closure of said vanes during said climb mode. 60 

3. The biasing means according to claim 1 wherein said biasing means are effective for introducing a 
predetermined additional closure of said vanes after said aircraft attains a predetermined altitude and during 
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operation. 

5. The biasing means according to claim 1 wherein said biasing means are effective for supplying a bias 
indication proportional to said additional magnitude of positioning of said vanes, and said engine control 
system comprises: 

5 control means for supplying a demand indication representing a desired vane position in accordance with p 
said VSV schedule; 5 

feedback means for supplying a feedback indication representing actual position of said vanes; 

comparing means for supplying an error indication in response to said feedback and demand indications 
and any bias indication; and 

10 servomotor means having a movable output member effective for positioning said vanes in response to in 
said error indication. , 1U 

6. The biasing means according to claim 5 wherein said engine control system and said biasing means 
comprise substantially mechanical elements. 

7. The biasing means according to claim 5 wherein said feedback means comprises; 
15a feedback lever having first and second oppositely extending ends and pivotably mounted at an 

intermediate section thereof to a fulcrum movably mounted to said gas turbine engine; 

a first feedback linkage joining said output member of said servomotor and said first end of said feedback 
lever and bemg effective for rotating said feedback lever in accordance with any rotation of said vanes as 
indicated by the position of said output mfember of said servomotor; 
20 a second feedback linkage joining said second end of said feedback lever to said comparing means of said OQ 
engine control system for providing said feedback indication thereto; and 

wherein said biasing means comprises an actuator having output means effective for moving said fulcrum 
of said feedback means to a predetermined position and thereby rotating said feedback lever for qeneratina 
said bias indication. 

25 8. The biasing means according to claim 7 wherein said actuator comprises a fluidic timer being 

connectable to a source of high pressure fluid in said gas turbine engine, and wherein said output means 
comprises an output member of said fluidic timer and wherein said actuator further comprises a switch 
which, in a first state, is effective for allowing said high pressure fluid to flow into said fluidic timer for 
extending said output member thereof for moving said fulcrum to said predetermined position/ and which, 

30 «n a second state, is effective for venting high pressure fluid in said fluidic timer and allowing a return means 
to position said output memberthereof to an initial position for removing said bias indication. 

9. The biasing means according to claim 8 wherein said switch comprises a first valve responsive to said 
engine operating parameter and a second valve responsive to said aircraft modes of operation, and wherein 
said output member of said fluidic timer is movable from said initial position to said extended position when 

35 both said first and second valves are in respective first states. 

10. An engine control system for a gas turbine engine including a compressor having a plurality of 
variable angle stator vanes, said engine being effective for powering an aircraft in takeoff, climb and cruise 
modes of operation comprising : ; 

means for positioning said plurality of vanes between a relatively open and a relatively closed position in 
40 accordance with a VSV schedule and in response to a variable engine-operating parameter; and 

biasing means for effecting an additional magnitude of positioning of said vanes over a position as 
determined by said VSV schedule only after said takeoff mode and while the magnitude of said 
engine-operating parameter is within a predetermined range. 

11. A method for controlling a gas turbine engine including a compressor having a plurality of variable 

45 angle stator vanes, said engine being effective for powering an aircraft in takeoff, climb and cruise modes of 45 
operation comprising: 

positioning said plurality of vanes between a relatively open and a relatively closed position in accordance 
with a VSV schedule and in response to a variable engine-operating parameter; and 

effecting an additional magnitude of positioning of said vanes over a position as determined by said VSV 
50 schedule only after said takeoff mode and while the magnitude of said engine-operating parameter is within 50 
a predetermined range. 

12. Biasing means substantially as hereinbefore described with reference to and as illustrated in the 
drawings. 

13. A method of controlling a gas turbine substantially as hereinbefore described with reference to the 

55 drawings. 55 
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